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REMARKS 

The present amendment is submitted in order to place in 
condition for allowance the claims which the Examiner has indicated 
to be allowable* 

Pursuant to the restriction requirement, Applicants elect 
Group I and claims 1-16. Claim 17 is cancelled without prejudice 
to Applicant's right to claim that subject matter in a divisional 
application. The Examiner's position based upon the Doctrine of 
Original Election is acknowledged. 

Applicants also acknowledge the priority claim statement 
and will endeavor to submit the priority document within the term 
provided under the rules of practice. 

The Examiner's comment with respect to the Information 
Disclosure document is noted. 

A substitute specification is enclosed embodying the 
changes required at the middle of page 3 of the Office Action. The 
substitute specification does not contain any new matter. A marked 
up version of the original specification showing the changes made 
has also been provided. 



7 



I 



Atty's 22123 * Pat. App. 10/081,884 

Submitted herewith is a new set of claims which overcome 
the claim objection at the bottom of page 3 of the Office Action. 
The new set does not include claims 15 and 16 and thus Applicants 
need not deal with the rejection under 35 USC 112. 

With respect to the rejection on art, no further comment 
is required. 

Claim 4 has been placed in independent form by the 
incorporation of the subject matter of claims 1-3 therein. 

Claim 6 remains dependent upon claim 4. 

Claim 7 has been made independent by the inclusion of the 
claim 1 subject matter therein. Claim 8 remains dependent on 
claim 7 . Claim 8 has been placed in independent form by the 
inclusion of the claim 1 subject matter therein. 

Claim 11 has been made independent by the inclusion of 
the limitations of claims 1 and 10 therein. Claim 13 has been made 
independent by the inclusion of claim 1 therein. 

Claims 4, 6 - 9, 11 and 13, indicated to contain allow- 
able subject matter are now in proper allowable form. Since the 
number of independent claims in the case now exceeds by two the 
number covered by the original fee there is enclosed a charge form 

■ 

applying the fee for two independent claims on a small entity basis 
to a charge card of the undersigned. 
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Pat. App. 10/081,884 



Since this case is in condition for allowance an early 



notice to that effect is earnestly solicited. 



Enc: Substitute Specification 

Marked up version of Specification 

PTO 203 8 Charge Form (additional claims) 



4 December 2003 

567 6 Riverdale Avenue Box 900 

Bronx, NY 10471-0900 

Cust . No. : 535 

Tel: (718) 884-6600 

Fax: (718) 601-1099 




it ted, 
Ross P.C. 



By: H 



No. 19,752 



Attorney for Applicant 



ge 



- 9 - 



0 I ^ ' 

22123 / MARKED UP VERSION OF ORIGINAL SPECIFICATION 




YROTECHNIC INITIATOR WITH IGNITION BRIDGE 



RECEIVED 

SPECIFICATION D £Q j g ^ 



FIELD OF THE INVENTION 
Our present invention relates to a pyrotechnic 
initiator with an ignition bridge to which a reactive layer is 
applied. 



GROUP 3600 



BACKGROUND OF THE INVENTION 

A pyrotechnic initiator or ignitor, for example, for 
activating an air bag inflator, is described in the European 

10 patent document EP 609 605 Al. In FIG. 4 of that publication an 
ignition bridge has been illustrated to which a pyrotechnic 
material is applied by a printing process or by painting. The 
pyrotechnic material is designed to react with a release of 
sufficient energy to cause an air bag to expand. The pyrotechnic 

15 material specifically named in this publication is lead 
styphnate. 

The advantage of the use of a pyrotechnic material on 
an igniting bridge is that the energy released is greater than 
the electrical energy supplied. With the aid of this additional 
20 energy, a space between the bridge and the ignited material can 
be jumped with ease. 

It is, however, a disadvantage that such an organic 
material, as has b en provided in EP 609 605 Al, is not 
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mechanically and thermically stable under a variety of 
circumstances and the contact between the printed layer and the 
g]*fi^ngTb ridge cannot always be reliably ensured. 




OBJECTS OF THE INVENTION 
5 It is, therefore, the principal object of the present 

invention to overcome the aforementioned drawbacks and provide an 
improved pyrotechnic initiator which is free from them. 

Another object of this invention is to provide an 
improved pyrotechnic initiator which is less sensitive to thermal 
10 instability of the pyrotechnic material and which can ensure that 
any pyrotechnic material which is provided is more mechanically 
and thermally stable than has hitherto been the case. 

Still another object of the invention is to provide an 
improved pyrotechnic initiator for the purposes described whereb; 
15 the contact between any applied reactive material and the g^Swing 
bridge can be reliably assured over the long term. 



SUMMARY OF THE INVENTION 
These objects are achieved, in accordance with the 
invention by providing a pyrotechnic initiator which comprises an 
2 0 electrically energizable initiator bridge and a reactive layer on 
the initiator bridge for liberation of energy upon electrical 
energization of the bridge. According to the present invention, 
the reactiv layer is comprised of a combustible metal or a metal 
capable of liberating energy by alloying with a metal of the 
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bridge. In a system in which the reactive layer consists 
substantially of a combustible metal or a metal which alloys with 
the metal of the initiator bridge to release energy, problems 
with respect to the organic reactive material previously used can 
5' be completely avoided. 

The initiator bridge can be constructed in the manner 
described in Austrian patent document AT 405 591 B. According to 
the invention, a metal serves as the reactive material and no 
organic compound need be applied to the initiator bridge, thereby 

10 ensuring a higher mechanical stability. It is possible to use, 
as the reactive metal, a metal which reacts with oxygen and 
liberates energy in this manner. It is however also possible to 
provide a metal as the reactive material which reacts with the 
metal of the initiator bridge itself. In that case, when the 

15 initiator bridge is heated up, the initiator bridge metal itself 
melts and forms with the reactive metal an alloy. The heating 
can be sufficient to melt the reactive metal itself and allow the 
alloy which is formed exothermically to result from a dissolution 
of the metal of the initiator bridge in the reactive metal. In 

20 any case, the reactive metal which is chosen should be capable of 
liberating sufficient energy to bridge the gap with any material 
which must be ignited by the pyrotechnic initiator of the air 
bag. 

Preferably the reactive layer is applied as a streak or 
25 stripe to the initiator bridge or is in the form of islets as 

applied to the bridge. This provides significant advantages both 
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with respect to the application process and the cost. In 
principle, however, it is also possible to apply the layer as a 
laminate to the bridge. 

Initiator bridges of the type with which the invention 
are concerned are usually trimmed by means of a laser, i.e. are 
reduced in width so that the electrical resistance of the bridge 
has a precisely predetermined value. When the reactive layer is 
applied in the form of a streak or as islets, one can readily 
trim a region which is free from the reactive layers by laser, 
thereby simplifying the trimming process. 

Preferably a thin electrically insulating layer is 
provided between the initiator bridge and the reactive layer. 
This electrically insulating layer can be composed of an oxide or 
nitride of the metal of the reactive layer. The electrically 
insulating layer prevents the reactive layer from modifying the 
electrical resistance of the initiator bridge. The electrically 
insulating layer must, naturally, be sufficiently thin that its 
thermal resistance is negligibly small and thus does not 
materially interfere with the activation of the reactive metal. 
It is preferable to use zirconium as a combustible metal forming 
the reactive layer. 

The ignition amplifying effect then is a result of the 
fact that the metallic zirconium, upon being brought to a 
temperature above its ignition temperature by the suitable supply 
of electrical energy to the initiator bridge, burns in air with a 
high release of energy, i.e. highly exothermically . Instead of 
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zirconium, titanium, hafnium, niobium, tantalum, aluminum or 
nickel can be used. 

It is especially preferable that the metal of the 

■ 

initiator bridge be composed entirely or substantially of gold 
5- and/or palladium. In that case, the combustible metal may be 
nickel and optionally an ignition amplifier or promoter can be 
used in the region of the bridge and the reactive layer. 

The deposition of a nickel layer on a gold or palladium 
base metal is electrochemically advantageous and has been 
10 utilized in other applications. It can be utilized to apply the 
nickel to the initiator bridge in accordance with the invention 
as well and any conventional process including current- less 
methods for the deposition of nickel layer on gold or palladium 
can be used. 

15 Utilizing the dispersion electrolysis method, a variety 

of metal powders, for example, one of the ignition promoting 
metals, like zirconium, hafnium, tantalum or niobium, can be 
deposited with the nickel. Preferably the particle size of the 
metal powder in the dispersion is about one /im. A special 

20 advantage of the gold/nickel combination is that the two metals 

are practically nonmiscible up to about 200 °C, thereby ensuring a 
long useful life of the gold/nickel system for the purposes of 
the present invention. 

To produce a pyrotechnic initiator with a bond between 

25 the g^S^^idge and the combustibl metal, the method of the 

invention provides that initially a synthetic resin in which th 
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reactive metal is dispersed is printed (e.g. by screen printing) 
on the base metal of the bridge, the resin is permitted to dry, 
the metal is then sintered and in the sintering process forms a 
bond with the base metal. The applied metal can be present in 
5 the resin as the elemental metal or an alloy thereof or as a 
metal compound (for example a resinate in the resin) . The 
printing can be effected inexpensively by screen printing. By a 
corresponding choice of atmosphere during sintering it is 
possible to form a layer of the oxide or nitride of the 

10 combustible layer to provide the electrical insulation described 
previously to the latter, the ignition promoting layer can be 
applied. The combination of screen printing and sintering can 
ensure the requisite thermal contact between the initiator bridge 
and the combustible metal in all cases. 

15 This mode of application is not, however, the only 

approach which can be used. For a non-noble metal, it is 
possible to utilize vapor deposition or sputtering. 

According to another preferred embodiment of the 
invention, the metal in the initiator bridge consist 

20 substantially of platinum or a platinum group metal and the 

reactive metal consists of aluminum. In this case, another metal 
is applied to an initiator bridge which can alloy with a 
significant energy release. The initiator bridge is comprised of 
a noble metal and the non-noble metal can be applied over the 

25 noble metal or under th noble metal. The system can have a long 
life (15 years or mor ) . 
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To produce such an initiator bridge, the invention can 
utilize either of the two methods described below: 

One can initially apply the non-noble metal in the form 
of a resin by screen printing to a support and then sinter it in 
5 a reducing atmosphere, whereupon the noble metal is applied in an 
electrochemical process or by vapor deposition or by sputtering. 

Alternatively, the nobler metal can be applied in the 
form of a suspension in resin by screen printing and then 
sintered. Afterward the less noble metal can be printed in a 
10 resin or binder onto the nobler metal from a dispersion in which 
the less noble metal is in its elemental metallic form or as a 
metal compound in the resin. The latter layer is then sintered 
at a reduced temperature in a protective gas (e.g. argon) to the 
metallic state. 

15 The carrier element or the support can be composed of a 

ceramic (Steatite, alumina, zirconia) . A thermally insulating 
layer is thereby formed. The carrier element can however also be 
comprised of steel. In this case an electrically and therminally 
insulating layer can be provided to separate the bridge from the 

20 steel support. This approach is analogous to the known metal 
board technology. 

BRIEF DESCRIPTION OF THE DRAWING 

The above and other objects, features, and advantages 
will become more readily apparent from the following description, 
25 it being understood that any feature described with reference to 
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one embodiment of the invention can be used where possible with 
any other embodiment and that reference numerals or letters not 
specifically mentioned with reference to one figure but identical 
to those of another refer to structure that is functionally if 
not structurally identical. In the accompanying drawing: 

FIG. 1 is a perspective view showing a prior art 
arrangement of an initiator bridge or a safety air bag or an 
automotive vehicle; 

FIG. 2 is a perspective view of a first embodiment of 
an initiator bridge according to the invention; 

FIG. 3 is a second embodiment of an initiator bridge 
according to the invention; and 

FIGS. 4 and 5 are fragmentary sections of third and 
fourth embodiments of initiator bridges according to the 
invention. 

SPECIFIC DESCRIPTION 

In the drawing initiator bridges have been shown in 
highly diagrammatic form. The contact pads which permit the 
bridges to be connected in the electrical initiator circuit have 
not been illustrated and are conventional in the art. 

As can be seen from FIG. 1, the initiator bridge 1, 
which is of the laser trimmed type, comprises a ceramic support 
10, e.g. of alumina, having two parallel lines trimmed in the 
conductive layer by a laser, thereby separating two outer strips 
11 and 12 from a relatively thin intermediate strip 13. The two 
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outer strips are further interrupted by additional u- shaped cuts 
4 and 5 so that only the thin intermediate strip remains 
conducting. This strip has such a relatively high resistance 
that it is rapidly heated to a high temperature by a current flow 
5 so as to ignite the pyrotechnic material of the safety air bags. 

As can be seen from FIG. 2, in the system of the 
invention, a reactive metal 6 can be applied to a base metal 7 of 
the ignitor bridge. The metal 6 can be zirconium and the metal 7 
can be a gold/palladium alloy. The metal 6 is shown to be 

10 applied in the form of a streak or strip so that the trimming of 
the metal strip 11 on the support 10 by the u- shaped cut 5 is not 
interfered with. In FIG. 2, only a single line 3 and a single u- 
shaped cut 5 have been used. 

In this embodiment, the heating of the bridge causes 

15 ignition of the zirconium and thereby promotes the firing of the 
inflator for a safety air bag. 

In the embodiment of FIG. 3 the metal 6' is provided in 
the form of a multiplicity of islets on the metal 7. In this 
embodiment as well, the cuts 4 and 5 as well as the cuts 2 and 3 

20 can be fabricated by laser trimming without difficulty. ^ ft 

In the embodiment of FIG. 4, the reactive metal 
e.g. nickel, is applied to the base metal 7, for example, a 
gold/pal ladium alloy and an ignition promoter 8 in the form of 
particulate zirconium is provided in the metal layer 6" . The 

25 zirconium powder has a particle size of 1 pi.ft t#in j^Tt(0^f 
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In the embodiment of FIG. 5, an anticorrosion layer is 
additionally applied to the reactive layer 6" containing the 
ignition promoter 8. The anticorrosion layer 9 is composed/ for 
example, of gold. The anticorrosion layer can be applied by 
cementation. 
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